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1
METHOD FOR PRODUCING MIXTURE
CONTAINING FATTY ACID
MONOGLYCERIDE

FIELD OF THE INVENTION

The present invention relates to a method for producing a
mixture containing fatty acid monoglyceride.

BACKGROUND OF THE INVENTION

Fatty acid monoglycerides used widely as an oil agent and
the like in cosmetics, foods, and industrial emulsifiers or
lubricants are produced by esterification reaction of glycerin
with fatty acid or by ester exchange reaction of glycerin with
fat and oil.

Those reactions are carried out in the absence or presence
of a catalyst, and generally a mixture of glycerin, fatty acid
monoglyceride, fatty acid diglyceride, and fatty acid triglyc-
eride is generated.

For such reasons, a purification step is required depending
on a purpose. When it is desired to obtain a fatty acid
monoglyceride with high purity, purification based on
molecular distillation or thin layer distillation is performed.
Fatty acid diglyceride and fatty acid triglyceride contained in
residuals after distillation of monoglyceride can be recovered
again as monoglyceride according to a transesterification
reaction with glycerin. However, from the viewpoint of pro-
duction efficiency of monoglyceride, higher purity of the
monoglyceride before distillation step is preferred.

As disclosed in JP-A 57-24327, it is known that the equi-
librium of the ester exchange reaction shifts to the fatty acid
monoglyceride production side as the reaction temperature
increases. By maintaining fat and glycerin as a raw material at
high temperature like 220° C. or higher in the presence of a
catalyst, concentration of the fatty acid monoglyceride
increases.

However, when time is required for cooling in the presence
of a catalyst, it is known that the reaction toward the equilib-
rium at that temperature, that is, the reaction from two mol-
ecules of fatty acid monoglyceride to fatty acid diglyceride
and glycerin, becomes larger, so that the concentration of
fatty acid monoglyceride is decreased.

It is then disclosed in JP-A 57-24327 to neutralizing an
alkali catalyst with an acid, after completion of the reaction,
to inactivate it, decrease the reaction rate and prevent the
concentration of fatty acid monoglyceride from decreasing.

It is disclosed in U.S. Pat. No. 2,909,540 to prevent the
concentration of fatty acid monoglyceride from decreasing
by lowering the reaction rate by evaporating glycerin at a
reduced pressure, after the reaction for producing fatty acid
monoglyceride, and cooling the liquid of the completed reac-
tion with heat transfer accompanied with evaporation.

In U.S. Pat. No. 3,083,216, production of higher fatty acid
monoglyceride is disclosed. In U.S. Pat. No. 3,079,412, con-
tinuous production of fatty acid monoglyceride is disclosed.

SUMMARY OF THE INVENTION

The present invention relates to a method for producing a
mixture containing fatty acid monoglyceride from glycerin
and a compound having at least one acyl group, selected from
fatty acids and fatty acid glycerides, including:

(1) a step of obtaining a mixture containing fatty acid
monoglyceride by heating and reacting glycerin and a com-
pound having at least one acyl group, selected from fatty acids
and fatty acid glycerides in the presence of a catalyst,
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2
(ii) a step including adding glycerin, which is liquid and
has a lower temperature than the temperature of the mixture,
to the mixture to cool the mixture, and
(iii) a step of separating the mixture containing fatty acid
monoglyceride from glycerin, obtained in the step (ii), by
separating layers.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic diagram illustrating a production
apparatus used in Example 5.

DETAILED DESCRIPTION OF THE INVENTION

According to JP-A 57-24327, salts are produced by neu-
tralization and facilities for purification like filtration are
required to remove the produced salts. Further, according to
U.S. Pat. No. 2,909,540, the reaction equilibrium is disturbed
and shifts to the side of having decomposition of fatty acid
monoglyceride, and thus itis impossible to produce a mixture
containing fatty acid monoglyceride having a large content of
the fatty acid monoglyceride.

Under the circumstances, provided by the present inven-
tion is a method for producing a mixture containing fatty acid
monoglyceride with a high content of fatty acid monoglycer-
ide.

According to the present invention, a mixture containing
fatty acid monoglyceride with a high content of fatty acid
monoglyceride can be produced at the final stage of the reac-
tion step, the purification load thereafter can be reduced, and
the production amount of monoglyceride per hour can be
increased.

The method for producing a mixture containing fatty acid
monoglyceride of the present invention (in contrast to the one
obtained from the step (i), it may be referred to as a “final
mixture”) includes

(1) a step of obtaining a mixture containing fatty acid
monoglyceride (intermediate mixture) by heating and react-
ing glycerin and a compound having at least one acyl group,
selected from fatty acids and fatty acid glycerides, (hereinbe-
low, it may be referred to as a “compound having an acyl
group”) in the presence of a catalyst,

(ii) a step including adding glycerin, which is liquid and
has a lower temperature than the temperature of the mixture,
to the mixture to cool the mixture, and

(iii) a step of separating the mixture containing fatty acid
monoglyceride and glycerin, obtained in the step (ii), by
separating layers.

Meanwhile, each ofthe reaction mode of the step (i) and the
cooling mode of the step (ii) can be any of a batch mode and
a continuous mode. In case of a batch mode, it can be any of
a batch type and a semi-batch type.
<Step (i) Step for Obtaining a Mixture Containing Fatty Acid
Monoglyceride>

The compound having an acyl group used in the step (i) of
the present invention may have any of branched, linear, satu-
rated, and unsaturated acyl groups, but from the viewpoint of
a more evident effect of the present invention, the number of
carbon atoms in the acyl group is preferably 8 to 30, more
preferably 12 to 22, and even more preferably 14 to 18. From
the same point of view, the number of carbon atoms in the acyl
group of the compound having an acyl group used in the step
(1) of the present invention is preferably 8 or more, 12 or more,
or 14 or more, and also 30 or less, 22 or less, or 18 or less.

Specific examples of the fatty acid in the compound having
an acyl group which is used in the present invention include
capronic acid, caprylic acid, capric acid, lauric acid, myristic
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acid, palmitic acid, stearic acid, eicosanoic acid, behenic acid,
oleic acid, elaidic acid, linoleic acid, linolenic acid, soybean
oil fatty acid, rapeseed oil fatty acid, and tall oil fatty acid.

Examples of the fatty acid glyceride in the compound
having an acyl group used in the invention include triester and
a diester containing fatty acid and glycerin as a constitutional
component, and a mixture thereof. There is no problem of
containing monoester therein.

Specific examples thereof include coconut oil, palm oil,
palm seed oil, soybean oil, rapeseed oil, beef tallow, lard, tall
oil, and fish oil.

With regard to the reaction ratio between glycerin and the
compound having an acyl group, from the viewpoint of
obtaining a mixture containing fatty acid monoglyceride with
a high content of fatty acid monoglyceride and increasing the
productivity per batch or unit time, glycerin is preferably 1.0
to 5.0 mol, more preferably 1.3 to 4.0 mol, and even more
preferably 2.0 to 3.0 mol per mol of an acyl group in the
compound having an acyl group. With regard to the reaction
ratio between glycerin and the compound having an acyl
group, from the same point of view, glycerin is preferably 1.0
mol or more, 1.3 mol or more, or 2.0 mol or more, and also 5.0
mol or less, 4.0 mol or less, or 3.0 mol or less per mol of an
acyl group in the compound having an acyl group

The temperature for the reaction between glycerin and the
compound having an acyl group is, from the viewpoint of
enhancing the solubility of glycerin in an oil layer and
increasing the rate of esterification reaction and ester
exchange reaction, preferably 200° C. or higher, more pref-
erably 210° C. or higher, and even more preferably 215° C. or
higher. From the viewpoint of suppressing production of dig-
lycerin as a byproduct, it is preferably 400° C. or less, more
preferably 350° C. or less, and even more preferably 300° C.
or less. From the same point of view, it is preferably 200 to
400° C., more preferably 210 to 350° C., and even more
preferably 215 to 300° C.

The time for the reaction between glycerin and the com-
pound having an acyl group depends on the reaction tempera-
ture and the kind and the amount of the used catalyst or the
like. From the viewpoint of enhancing the yield of fatty acid
monoglyceride by surely reaching near the reaction equilib-
rium, it is preferably 5 minutes or longer, more preferably 1
hour or longer, and even more preferably 2 hours or longer.
Further, from the viewpoint of the byproduct amount of dig-
lycerin as a condensation of glycerin, it is preferably 12 hours
or shorter, more preferably 10 hours or shorter, and even more
preferably hours or shorter. Meanwhile, confirmation of the
end point can be made by suitably collecting a sample and
analyzing it. For example, it can be made by confirming no
change in the content of monoglyceride.

The step for obtaining the mixture containing fatty acid
monoglyceride (intermediate mixture) of the present inven-
tion is performed in the presence of a catalyst. Examples of
the catalyst include the catalysts that are used for an esterifi-
cation reaction or an ester exchange reaction.

From the viewpoint of enhancing the yield of fatty acid
monoglyceride by dispersing the mixture in a more homog-
enous state, a catalyst soluble in fatty acid glyceride and
glycerin is preferable. Specifically, an alkali metal hydroxide
or an alkaline earth metal hydroxide is preferable. Sodium
hydroxide, potassium hydroxide, or calcium hydroxide is
more preferable. Calcium hydroxide is even more preferable.

From the viewpoint of ensuring the sufficient rate of esteri-
fication reaction and ester exchange reaction, the catalyst
concentration is preferably 1 ppm (based on mass) or more.
More preferably, it is 10 ppm or more. Even more preferably,
it is 50 ppm or more. From the viewpoint of increase of the
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yield of fatty acid monoglyceride by suppressing the reaction
from two molecules of fatty acid monoglyceride to fatty acid
diglyceride and glycerin during cooling (hereinbelow,
referred to as a reverse reaction), the catalyst concentration is
preferably 1000 ppm or less, more preferably 750 ppm or less,
and even more preferably 500 ppm or less. In the present
invention, after adding the catalyst to glycerin and the com-
pound having an acyl group and adjusting the catalyst con-
centration preferably to the aforementioned range, the step (i)
and the step (ii) are performed.

<Step (ii): Step Including Adding Glycerin to a Mixture
Containing Fatty Acid Monoglyceride for Cooling>

The step (ii) of the present invention is a step in which, in
addition to cooling the reaction product of the step (i) (inter-
mediate mixture) by adding glycerin, a catalyst concentration
in the liquid phase is lowered by adding glycerin and, by
extracting the catalyst contained in the intermediate mixture,
the reverse reaction is suppressed.

The temperature of the mixture obtained from the step (i) is
preferably the reaction temperature of the step (i). The tem-
perature of the mixture is preferably 200° C. or higher, more
preferably 210° C. or higher, and even more preferably 215°
C. or higher, and also preferably 400° C. or lower, more
preferably 350° C. or lower, and even more preferably 300° C.
or lower. Specifically, it is preferably 200 to 400° C., more
preferably 210 to 350° C., and even more preferably 215 to
300° C.

The step (ii) has lower temperature than the mixture of the
step (1), and also liquid glycerin is added thereto.

Temperature of glycerin (boiling point: 280° C.) added in
the step (ii) is, from the viewpoint of cooling the reaction
product (intermediate mixture) of the step (i), preferably 180°
C. or lower, more preferably 100° C. or lower, and even more
preferably 50° C. or lower within the range in which the
aforementioned temperature is satisfied.

Further, from the viewpoint of fluidity, it is preferably 0° C.
or higher, more preferably 10° C. or higher, and even more
preferably 20° C. or higher.

The addition amount of glycerin in the step (ii) is, from the
viewpoint of preventing the reverse reaction, preferably 1 part
by mass or more, more preferably 10 parts by mass or more,
and even more preferably 50 parts by mass or more per 100
parts by mass of the mixture containing fatty acid monoglyc-
eride (intermediate mixture).

An addition amount of glycerin in the step (ii) is, from the
viewpoint of the capacity of a separation tank and a storage
tank that are required for layer separation of the composition
layer containing fatty acid monoglyceride and glycerin layer,
preferably 1000 parts by mass or less, more preferably 500
parts by mass or less, and even more preferably 150 parts by
mass or less per 100 parts by mass of the mixture containing
fatty acid monoglyceride (intermediate mixture).

From the same point of view, the addition amount of glyc-
erin in the step (ii) is preferably 1 to 1000 parts by mass, more
preferably 10 to 500 parts by mass, and even more preferably
50 to 150 parts by mass per 100 parts by mass of the mixture
containing fatty acid monoglyceride (intermediate mixture).

An addition amount of glycerin in the step (ii) is, from the
viewpoint of preventing the reverse reaction, preferably
1x10° parts by mass or more, more preferably 1x10* parts by
mass or more, and even more preferably 1x10° parts by mass
or more per 100 parts by mass of the catalyst.

The addition amount of glycerin in the step (ii) is, from the
viewpoint of the size of a separation tank and a storage tank
that are required for layer separation of the composition layer
containing fatty acid monoglyceride and glycerin layer, pref-
erably 1x10° parts by mass or less, more preferably 5x107
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parts by mass or less, and even more preferably 3x10° parts by
mass or less per 100 parts by mass of the catalyst.

From the same point of view, the addition amount of glyc-
erinin the step (ii) is preferably 1x10> to 1x10° parts by mass,
more preferably 1x10*to 5x107 parts by mass, and even more
preferably 1x10° to 3x10° parts by mass per 100 parts by
mass of the catalyst.

Rate of cooling the mixture in the step (ii) is, from the
viewpoint of preventing the reverse reaction, preferably 1°
C./minute or higher, more preferably 5° C./minute or higher,
even more preferably 8° C./minute or higher, even more pref-
erably 50° C./minute or higher, and even more preferably
100° C./minute or higher. From the viewpoint of the energetic
load, it is preferably 1000° C./minute or lower, more prefer-
ably 500° C./minute or lower, and even more preferably 300°
C./minute or lower.

In the step (ii), the cooling rate in a region with higher
mixture temperature has a greater influence on having
improved yield of fatty acid monoglyceride. In the present
invention, adding glycerin at the cooling rate within the afore-
mentioned range to the mixture at the temperature of 100° C.
or higher, or 140° C. or higher followed by cooling is prefer-
able in that it has a significant effect of preventing the reverse
reaction. Further, in the step (ii) of the present invention, it is
preferable to add glycerin at the cooling rate within the afore-
mentioned range until the temperature of the mixture is 140°
C. or lower, or 100° C. or lower and do cooling, because the
effect of prevention of the reverse reaction is remarkable.

Further, the temperature of the mixture after cooling in the
step (ii) is, from the viewpoint of efficiently performing layer
separation while preventing solidification of the mixture,
preferably 80° C. or higher and more preferably 90° C. or
higher and also preferably 200° C. or lower, more preferably
180° C. or lower, and even more preferably 150° C. or lower.

It is preferable that the addition of glycerin be performed
under mixing such that the cooling rate of the entire mixture
is within the aforementioned range. As for the method for
mixing, a conventionally known method can be used.

When the step (ii) is performed in a batch mode reaction by
using the stirring tank type reactor, glycerin is added under
stirring the mixture such that the cooling rate of the entire
mixture is within the aforementioned range.

As for stirring wings of a stirrer, a stirring wing such as a
three-piece swept wing, a full zone wing, a turbine wing, or a
max blend wing can be used.

The stirring power required per unit volume of the fluid in
the reactor is, from the viewpoint of cooling the entire mix-
ture, preferably 0.1 kW/m?> or higher, more preferably 0.5
kW/m® or higher, and even more preferably 2 kW/m?> or
higher. Further, from the viewpoint of the energy load, it is
preferably 200 kW/m?> or lower, more preferably 100 kW/m>
or lower, and even more preferably 50 kW/m? or lower.

As described herein, the “stirring power required per unit
volume” is a value obtained by calculating a difference
between the measured value of stirring power during reaction
(unit: kW) and the measured value of idling power before
adding the raw materials for the reaction (unit kW) and divid-
ing the result by the volume of fluid in the reactor (unit: m®).

Further, addition of glycerin can be either continuous or
intermittent as long as the cooling rate of the entire mixture is
within the aforementioned range.

The cooling rate corresponds to the temperature-decreas-
ing amount per unit time. When the step (ii) is performed
continuously in a tubular reactor, the cooling rate can be a
value which is obtained by dividing the temperature differ-
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ence between the entrance and exit of the cooling part by a
value obtained by dividing a flow passage length by a linear
velocity.

When the step (ii) is continuously performed in a tubular
reactor, from the viewpoint of having the cooling rate of the
entire mixture within the aforementioned range, mixing the
mixture obtained from the step (i) with glycerin is performed
at a shear rate U/Dmin of preferably 1 (1/see) or more, more
preferably 10 (1/sec) or more, and even more preferably 100
(1/sec) or more. From the viewpoint of the energy load, it is
performed at a shear rate U/Dmin of preferably 100000
(1/sec) or less, more preferably 50000 (1/sec) or less, and
even more preferably 10000 (1/sec) or less.

Regarding the shear rate U/Dmin, Dmin represents mini-
mum inner diameter (mm) of the flow passage in the mixing
part and U represents a linear velocity (mny/sec) of the mix-
ture at Dmin. Meanwhile, when the flow amount of the mix-
ture is Q (mL/sec), U (mm/sec) can be obtained based on the
following Equation (1). In the equation, n represents the
number of minimum inner diameter of the flow passage, and
when a contraction type stirrer of a porous plate is used, for
example, it represents the number of pores in the stirrer.

U(mm/sec)=0x1000/(3xmx (Dmin)?/4) (€8]

Cross-sectional shape of the mixing part is not necessarily
required to be a circle. When it is a shape other than a circle,
U means the flow rate in the minimum cross sectional area of
the flow passage. In such case, the diameter of a circle having
the same area as the minimum cross sectional area of the flow
passage is used for Dmin.
<Step (iii): Step for Separating a Mixture Containing Fatty
Acid Monoglyceride and Glycerin by Layer Separation>

After the step (ii), a step of separating the mixture contain-
ing fatty acid monoglyceride and glycerin by separating lay-
ers is performed as the step (iii).

As for the separation method of the step (iii) by separating
layers, a method conventionally known as a method for sepa-
rating a mixture containing fatty acid monoglyceride and
glycerin can be used. Specific examples thereof include sta-
tionary separation and centrifugal separation.

From the viewpoint of the energy efficiency and simplifi-
cation of facilities, stationary separation and centrifugal sepa-
ration are preferable, and stationary separation is more pref-
erable.

Specific examples of the stationary separation include
allowing the mixture obtained from the step (ii) to stand in a
storage tank and then using a separation device, such as an
API type oil separator, a CPI type oil separator or a PPI type
oil separator.

Examples of the centrifugal separator include De Laval
type centrifuge and sharpless type centrifuge.

Further, from the viewpoint of efficiently performing the
layer separation with prevention of solidification of mixture,
temperature of the mixture with a mixture containing fatty
acid monoglyceride and glycerin, which is subjected to layer
separation in the step (iii), is preferably 80° C. or higher and
more preferably 90° C. or higher and also preferably 200° C.
or lower, more preferably 180° C. or lower, and even more
preferably 150° C. or lower.

From the viewpoint of the stability of fatty acid monoglyc-
eride in the mixture to be obtained, the concentration of the
alkali catalyst remaining in the mixture containing fatty acid
monoglyceride, obtained in the step (iii), is 0.1% by mass or
less, preferably 100 ppm or less.

Glycerin separated in the step (iii) can be used in the step (i)
or the step (ii), and preferably in the step (i).
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Aspects and preferred embodiments of the present inven-
tion are described hereinbelow.

<1>

A method for producing a mixture containing fatty acid
monoglyceride from glycerin and a compound having at least
one acyl group, selected from fatty acids and fatty acid glyc-
erides, including:

(1) a step of obtaining a mixture containing fatty acid
monoglyceride by heating and reacting glycerin and a com-
pound having at least one acyl group, selected from fatty acids
and fatty acid glycerides, in the presence of a catalyst,

(ii) a step including adding glycerin to the mixture and
cooling the mixture, adding liquid glycerin having a tempera-
ture lower than the temperature of the mixture, and

(iii) a step of separating the mixture containing fatty acid
monoglyceride and glycerin, obtained in the step (ii), by
separating layers.

<2>

The method for producing a mixture containing fatty acid
monoglyceride described in <1> above, in which an addition
amount of glycerin in the step (ii) is preferably 1 part by mass
or more, more preferably 10 parts by mass or more, and even
more preferably 50 parts by mass or more and also preferably
1000 parts by mass or less, more preferably 500 parts by mass
orless, and even more preferably 150 parts by mass or less per
100 parts by mass of the mixture containing fatty acid
monoglyceride obtained from the previous step.

<3>

The method for producing a mixture containing fatty acid
monoglyceride described in <1> or <2> above, in which the
rate of cooling the mixture in the step (ii) is preferably 1°
C./minute or higher, more preferably 5° C./minute or higher,
even more preferably 8° C./minute or higher, even more pref-
erably 50° C./minute or higher, and even more preferably
100° C./minute or higher and also preferably 1000° C./minute
or lower, more preferably 500° C./minute or lower, and even
more preferably 300° C./minute or lower.

<4>

The method for producing a mixture containing fatty acid
monoglyceride described in any of <1> to <3> above, in
which the addition amount of glycerin in the step (ii) is
preferably 1x10° parts by mass or more, more preferably
1x10* parts by mass or more, and even more preferably 1x10°
parts by mass or more and also preferably 1x10° parts by mass
or less, more preferably 5x107 parts by mass or less, and even
more preferably 3x10° parts by mass or less per 100 parts by
mass of the catalyst used in the previous step.

<5>

The method for producing a mixture containing fatty acid
monoglyceride described in any of <1> to <4> above, in
which the reaction temperature in the step (i) is preferably
200° C. or higher, more preferably 210° C. or higher, even
more preferably 215° C. or higher, and also preferably 400°
C. or lower, even more preferably 0.350° C. or lower, and
even more preferably 300° C. or lower.

<6>

The method for producing a mixture containing fatty acid
monoglyceride described in any of <1> to <5> above, in
which the temperature of glycerin to be added in the step (ii)
is preferably 0° C. or higher, more preferably 10° C. or higher,
and even more preferably 20° C. or higher and also preferably
180° C. or lower, more preferably 100° C. or lower, and even
more preferably 50° C. or lower.

<7>

The method for producing a mixture containing fatty acid
monoglyceride described in any of —-1> to <6> above, in
which catalyst concentration of the catalyst used in step (i) is

10

15

20

25

30

35

40

45

50

55

60

65

8

preferably 1 ppm or more, more preferably 10 ppm or more,
and even more preferably 50 ppm or more, and also prefer-
ably 1000 ppm or less, more preferably 750 ppm or less, and
even more preferably 500 ppm or less.

<8>

The method for producing a mixture containing fatty acid
monoglyceride described in any of <1> to <7> above, in
which separation method of the step (iii) by separating layers
is stationary separation.

<0>

The method for producing a mixture containing fatty acid
monoglyceride described in any of —1> to <8> above, in
which temperature of the mixture in the step (ii) is preferably
100° C. or higher and more preferably 140° C. or higher, and
the rate of cooling the mixture in the step (ii) is preferably 1°
C./minute or higher, more preferably 5° C./minute or higher,
even more preferably 8° C./minute or higher, even more pref-
erably 50° C./minute or higher, and even more preferably
100° C./minute or higher and preferably 1000° C./minute or
lower, more preferably 500° C./minute or lower, even more
preferably 300° C./minute or lower.

EXAMPLES

Hereinbelow, the present invention is described more in
details by reference to Examples and Comparative Examples.
Example is set forth for examples of the present invention and
does not limit the present invention.

[Method for Analyzing Fatty Acid Monoglyceride]|
Dodecane as an internal standard material was weighed
and added to a sample containing fatty acid monoglyceride
and mixed therein. Meanwhile, when layer separation is per-
formed for the reaction product of the Examples and the
Comparative Examples, the sample was collected from an
oily layer separated on an upper part.
A trimethylsilylating agent (trade name: TMSI-H, manu-
factured by GL Sciences, Inc.) was added to the mixture and
then was heated and stirred. After dilution with hexane, the
solid matter was separated by filtration and the obtained fil-
trate was subjected to gas chromatography analysis according
to the following conditions.
Apparatus: 6890N Network GC System, manufactured by
Agilent Technologies

Column: Ultra ALLOY-1 (MS/HT), manufactured by
Frontier Laboratories Ltd., length 30 mxinner diameter
0.25 mmxfilm thickness 0.15 pm

Detector: FID

Condition for temperature increase: 60° C. (kept for 2
minutes)—10° C./minute—350° C. (kept for 15 min-
utes)

Injection temperature: 300° C.

Detector temperature: 350° C.

Preparation Example 1

Glycerin monostearic acid (monoglyceride content: 98%
by mass) (300 g) was dissolved at 90° C., added with 0.27 g
of 48% by mass aqueous sodium hydroxide solution, and
stirred for 30 minutes to obtain glycerin monostearic acid
containing the adjusted catalyst amount. The glycerin
monostearic acid used in this case can be synthesized accord-
ing to the following method.

Hydrogenated palm oil, glycerin, and glycerin containing
dispersed calcium hydroxide were continuously fed to a reac-
tor so as to have a flow amount ratio that glycerin is 0.9 mol
per mol of the ester group of the hydrogenated palm oil and
calcium hydroxide is 0.01% by mass per mass of hydroge-
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nated palm oil and glycerin, and the reaction was allowed to
occur at 250° C. Subsequently, under reduced pressure con-
dition, removal of low boiling point components in the reac-
tion solution and distillation removal of unreacted glycerin in
the reaction solution were performed. Subsequently, the mix-
ture containing monoglyceride as a main component was
separated by distillation. By distilling the remaining glycerin
out of the separated mixture, glycerin monostearic acid used
in Preparation Example 1 can be produced.

Reference Example 1

It was confirmed that, when the step (ii) of the production
method of the present invention is performed by using glyc-
erin monostearic acid (manufactured by Wako Pure Chemical
Industries, [td., glycerol monostearic acid, monoglyceride
content: 56% by mass) as a starting material, decomposition
of'the monoglyceride is suppressed so that a mixture having a
high content of fatty acid monoglyceride is obtained.

To a 100-mL four-neck flask equipped with a stirrer and a
thermometer, 25.0 g of the glycerin monostearic acid and
0.0026 g of calcium hydroxide (manufactured by Kanto
Chemical Co., Inc.) were fed and the temperature was raised
to 100° C. After dissolving glycerin monostearic acid, inside
of'the flask was stirred at 300 r/min so that calcium hydroxide
can also homogeneously get dissolved.

After that, the flask was removed from the oil bath, and
only the oil bath was heated to 220° C. After confirming that
the oil bath temperature is stabilized, the flask was placed in
the oil bath and the temperature of the content was increased
to 215° C. while inside of the flask was stirred at 300 r/min.
Once the temperature reaches 215° C., the stirring was tem-
porarily stopped and a sample for analysis was taken, which
was used as an intermediate mixture before cooling.

After that, the stirring was resumed and 25.2 g of glycerin
(manufactured by Kishida Chemical. Co., Ltd.), which has
been preheated to 100° C., was added over five minutes while
control is made such that the rate for cooling the content is
almost constant over time. During and after addition of glyc-
erin, the flask was partially or completely removed from the
oil bath. The cooling rate at that time remained constant
during and after the addition of glycerin, being 8° C./min.
According to the addition of glycerin, the intermediate mix-
ture was cooled to 175° C.

Even after completion of the addition of glycerin, cooling
was continued until the temperature of the content becomes
140° C. After maintaining at 140° C. for 30 minutes, the
stirring was temporarily terminated and a sample for analysis
was taken from the upper layer, which was used as a final
mixture after cooling. As a result of stopping the stirring, the
content was separated into layers. In Table 1, operating con-
ditions (feeding amount of monoglyceride or the like) and the
decomposition ratio of monoglyceride are listed.

Reference Example 2

To a 100-mL four-neck flask equipped with a stirrer and a
thermometer, 25.0 g of the glycerin monostearic acid (glyc-
erol monostearic acid manufactured by Wako Pure Chemical
Industries, Ltd., monoglyceride content: 56% by mass) and
0.0025 g of calcium hydroxide (manufactured by Kanto
Chemical Co., Inc.) were fed and the temperature was raised
to 100° C. After dissolving glycerin monostearic acid, inside
of'the flask was stirred at 300 r/min so that calcium hydroxide
can also homogeneously get dissolved.

After that, the flask was removed from the oil bath, and
only the oil bath was heated to 220° C. After confirming that
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the oil bath temperature is stabilized, the flask was placed in
the oil bath and the temperature of the content was increased
to 215° C. while inside of the flask was stirred at 300 r/min.
Once the temperature reaches 215° C., the stirring was tem-
porarily stopped and a sample for analysis was taken, which
was used as an intermediate mixture before cooling.

After that, the stirring was resumed and the flask was
removed from the oil bath either partially or completely such
that the rate for cooling the content is almost constant over
time. The cooling rate was 4° C./minute at that time.

The cooling was continued until the temperature of the
content becomes 140° C. After maintaining at 140° C. for 30
minutes, the stirring was temporarily terminated and a sample
for analysis was taken, which was used as a final mixture after
cooling. In Table 1, operating conditions (feeding amount of
monoglyceride or the like) and the decomposition ratio of
monoglyceride are listed.

Reference Example 3

To a 100-mL four-neck flask equipped with a stirrer and a
thermometer, 25.0 g of the glycerin monostearic acid (glyc-
erol monostearic acid manufactured by Wako Pure Chemical
Industries, Ltd., monoglyceride content: 56% by mass) and
0.0026 g of calcium hydroxide (manufactured by Kanto
Chemical Co., Inc.) were fed and the temperature was raised
to 100° C. After dissolving glycerin monostearic acid, inside
of'the flask was stirred at 300 r/min so that calcium hydroxide
can also homogeneously get dissolved.

After that, the flask was removed from the oil bath, and
only the oil bath was heated to 220° C. After confirming that
the oil bath temperature is stabilized, the flask was placed in
the oil bath and the temperature of the content was increased
to 215° C. while inside of the flask was stirred at 300 r/min.
Once the temperature reaches 215° C., the stirring was tem-
porarily stopped and a sample for analysis was taken, which
was used as an intermediate mixture before cooling.

After that, the stirring was re-started and the flask was
removed from the oil bath either partially or completely such
that the rate for cooling the content is almost constant over
time. The cooling rate was 16° C./minute at that time.

The cooling was continued until the temperature of the
content becomes 140° C. After maintaining at 140° C. for 30
minutes, the stirring was temporarily terminated and a sample
for analysis was taken, which was used as a final mixture after
cooling. In Table 1, operating conditions (feeding amount of
monoglyceride or the like) and the decomposition ratio of
monoglyceride are listed.

TABLE 1

Reference Reference Reference
example 1 example 1 example 1

feeding amount of monoglyceride [g] 25.0 25.0 25.0
feeding amount of glycerine [g] 25.2 0 0
Cooling rate [° C./minute] 8 4 16
Decomposition ratio of 0.80 5.4 3.8
monoglyceride [mol %]

Example 1

It was confirmed that, when the production method of the
present invention is performed by using as a starting material
the glycerin monostearic acid which has been obtained from
Preparation Example 1, decomposition of the monoglyceride
is suppressed and a mixture having a high content of fatty acid
monoglyceride is obtained.
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To a 100-mL four-neck flask equipped with a stirrer and a
thermometer, 25.0 g of the glycerin monostearic acid contain-
ing the adjusted catalyst amount as obtained from Preparation
Example 1 were fed and the temperature was raised to 100° C.
After dissolving the raw materials, the flask was removed
from the oil bath, and only the oil bath was heated to 220° C.
After confirming that the oil bath temperature is stabilized,
the flask was placed in the oil bath and the temperature of the
content was increased to 215° C. while inside of the flask was
stirred at 300 r/min. When the temperature reached 215°C.,a
sample for analysis was taken as an intermediate mixture
before cooling.

After that, the stirring was resumed and 25.1 g of glycerin
(purified glycerin manufactured by Kao Corporation), which
had been preheated to 100° C., was added over five minutes
while such control is made that the cooling rate of the content
is almost constant over time. During and after addition of
glycerin, the flask was partially or completely removed from
the oil bath. The cooling rate at that time remained constant
during and after addition of glycerin, which was 8° C./min.
According to the addition of glycerin, the intermediate mix-
ture was cooled to 175° C.

Even after completion of the addition of glycerin, cooling
was continued until the temperature of the content becomes
140° C. After maintaining at 140° C. for 30 minutes, the
stirring was temporarily terminated and a sample for analysis
was taken from the top layer as a final mixture after cooling.

As a result of stopping the stirring, the content was sepa-
rated into layers. In Table 2, operating conditions (feeding
amount of monoglyceride or the like) and the decomposition
ratio of monoglyceride are shown.

Comparative Example 1

To a 100-ml, four-neck flask equipped with a stirrer and a
thermometer, 25.0 g of the glycerin monostearic acid contain-
ing the adjusted catalyst amount, which has been obtained
from Preparation Example 1, were fed and the temperature
was raised to 100° C. After dissolving the raw materials, the
flask was removed, from the oil bath, and only the oil bath was
heated to 220° C. After confirming that the oil bath tempera-
ture is stabilized, the flask was placed in the oil bath and the
temperature of the content was increased to 215° C. while
inside of the flask was stirred at 300 r/min. Once the tempera-
ture reaches 215° C., the stirring was temporarily stopped and
a sample for analysis was taken as an intermediate mixture
before decomposition.

After that, the stirring was resumed and the flask was
removed from the oil bath either partially or completely such
that the rate for cooling the content is almost constant over
time. The cooling rate was 8° C./minute at that time. The
cooling was continued until the temperature of the content
becomes 140° C. After maintaining at 140° C. for 30 minutes,
the stirring was temporarily terminated and a sample for
analysis was taken as a final mixture after decomposition. In
Table 2, operating conditions (feeding amount of monoglyc-
eride or the like) and the decomposition ratio of monoglyc-
eride are listed.

Comparative Example 2

To a 100-mL four-neck flask equipped with a stirrer and a
thermometer, 25.0 g of the glycerin monostearic acid contain-
ing the adjusted catalyst amount as obtained from Preparation
Example 1 and 25.0 g ofthe glycerin (purified glycerin manu-
factured by Kao Corporation) were fed and the temperature
was raised to 100° C. After dissolving the raw materials, the
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flask was removed from the oil bath, and only the oil bath was
heated to 220° C. After confirming that the oil bath tempera-
ture is stabilized, the flask was placed in the oil bath and the
temperature of the content was increased to 215° C. while
inside of the flask was stirred at 300 r/min. Once the tempera-
turereaches 215° C., the stirring was temporarily stopped and
a sample for analysis was taken as an intermediate mixture
before decomposition.

After that, the stirring was resumed, and after maintaining
the content at 215° C. for 30 minutes, the stirring was tem-
porarily stopped and a sample for analysis was taken from the
top layer as a final mixture after decomposition. As a result of
stopping the stirring, the content was separated into layers. In
Table 2, operating conditions (feeding amount of monoglyc-
eride or the like) and the decomposition ratio of monoglyc-
eride are listed.

TABLE 2
Comparative Comparative
Example 1  example 1 example 2

feeding amount of 25.0 25.0 25.0
monoglyceride [g]
feeding amount of glycerine [g] 25.1 0 25.0
Cooling rate [° C./minute] 8 8 No cooling
Decomposition ratio of 6.7 18 20

monoglyceride [mol %]

Based on the results of the decomposition ratio of
monoglyceride in Example 1 and Comparative Example 1, it
was found that the reverse reaction is suppressed by addition
of glycerin, but not suppressed by cooling only.

Based on the results of the decomposition ratio of
monoglyceride in Comparative Example 2, it was found that
the decomposition ratio of monoglyceride becomes higher
without cooling even when glycerin is added (that is, content
of fatty acid monoglyceride is lowered).

Example 2

According to the same operations as Example 1, an inter-
mediate mixture before cooling was obtained.

To the intermediate mixture, 12.5 g of glycerin (purified
glycerin manufactured by Kao Corporation), which has been
heated in advance to 40° C., was added over 0.3 minute.
Before adding glycerin, the flask was completely removed
from the oil bath. The cooling rate at that time was 130°
C./minute. The temperature of the content was 175° C. when
glycerin had been added.

After the completion of dropwise addition, the stirring was
terminated. As a result of stopping the stirring, the content
was separated into layers. A sample for analysis was collected
from the top layer and used as a final mixture after decompo-
sition. In Table 3, operating conditions (feeding amount of
monoglyceride or the like) and the decomposition ratio of
monoglyceride are listed.

Example 3

According to the same operations as Example 1, an inter-
mediate mixture before cooling was obtained.

To the intermediate mixture, 25.0 g of the glycerin (manu-
factured by Kao Corporation, purified glycerin), which has
been heated in advance to 40° C., was added over 0.5 minute.
Before adding glycerin, the flask was completely removed
from the oil bath. The cooling rate at that time was 130°
C./minute. The temperature of the content was 150° C. when
glycerin had been added.
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After the completion of dropwise addition, the stirring was
terminated. As a result of stopping the stirring, the content
was separated into layers. A sample for analysis was collected
from the top layer and used as a final mixture after cooling. In
Table 3, operating conditions (feeding amount of monoglyc-
eride or the like) and the decomposition ratio of monoglyc-
eride are listed.

Example 4

According to the same operations as Example 1, an inter-
mediate mixture before cooling was obtained.

To the intermediate mixture, 125 g of the glycerin (manu-
factured by Kao Corporation, purified glycerin), which has
been heated in advance to 40° C., was added over 2.6 minutes.
Before adding glycerin, the flask was completely removed
from the oil bath. The cooling rate was 130° C./minute until
the temperature of the content becomes 140° C. After that, it
became difficult to have a constant cooling rate and the cool-
ing rate has gradually decreased. When the addition of glyc-
erin is completed, the temperature of the content was 90° C.
The overall cooling rate, caused by the addition of glycerin,
was 48° C./minute.

After the completion of dropwise addition, the stirring was
terminated. As a result of stopping the stirring, the content
was separated into layers. A sample for analysis was collected
from the top layer and used as a final mixture after cooling. In
Table 3, operating conditions (feeding amount of monoglyc-
eride or the like) and the decomposition ratio of monoglyc-
eride are listed.

TABLE 3
Example 2 Example 3 Example 4
feeding amount of monoglyceride [g] 25.0 25.0 25.0
feeding amount of glycerine [g] 12.5 25 125
Cooling rate [° C./minute] 130 130 48
(130%h
Decomposition ratio of 2.0 1.9 2.2

monoglyceride [mol %]

*lCooling rate when the temperature of mixture was 140° C. or highrer.

Example 5

Production of Mixture Containing Fatty Acid
Monoglyceride

The production apparatus illustrated in FIG. 1 was used.
Each oblique line illustrated in FIG. 1 indicates a ribbon
heater (RH).
<Step (1)>

To a 5-L, four-neck reaction vessel 10 equipped with a
dehydrating tube-cooling tube, a thermometer, a tube for
introducing nitrogen gas in addition to a stirrer 11, 538 g of
glycerin (manufactured by Kishida Chemical Co., [td.) and
1460 g of LUNAC S-70V (mixture of fatty acids with carbon
atom number of 16 and 18; manufactured by Kao Corpora-
tion) [glycerin/fatty acid (molar ratio)=1.1/1] were added,
1.00 g of calcium hydroxide (manufactured by Kanto Chemi-
cal Co., Inc.) was added, and the temperature was increased
using a mantle heater while nitrogen stream was supplied at
20 ml./minute into the space of the liquid phase.

Once the raw materials are dissolved, inside of the reaction
vessel 10 was stirred at 300 r/min. After confirming the dis-
charge of water in the dehydrating tube, it was kept for 4 hours
to allow the reaction to proceed. The final resultant tempera-
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ture was 220° C. Based on gas chromatography analysis, it
was found that the fatty acid concentration in the reaction
product was 1.2% by mass and the ratio of the monoglyceride
was 55% by mass to the total amount of esters.

The reactant was subjected to liquid transfer via the line
104 at 2.5 g/min with an aid of a plunger pump 21. Glycerin
containing 0.05% by mass of calcium hydroxide ina vessel 12
was liquid-transported at a flow amount of 2.5 g/min via the
line 124 with the plunger pump 22, and then both flows were
mixed at the mixing point between the line 10a and the line
12a. Two liquids, after mixed, were subjected to temperature
increase to 270° C. and reaction in the pre-heating tube and
reaction tube, respectively.
<Step (i1)>

At the exit of the reaction tube, a pipe for glycerin transfer
was connected, and the glycerin at 50° C. contained in a
vessel 13 was subjected to liquid transfer at a flow amount of
5 g/min via the line 13a with an aid of a plunger pump 23 so
that it can merge with the reaction solution. The liquid after
the merge was recovered from the exit of the cooling tube.
Liquid temperature at the exit of the cooling tube was 142° C.

The pre-heating tube was inner diameter of 1.8 mmxlength
of'2 m, the reaction tube was inner diameter 4.4 mmxlength of
1.5 m, and the cooling tube was inner diameter of 1.8
mmxlength of 1 m SUS316tube. They are connected to each
other in series, and the pre-heating tube and the reaction tube
were immersed in an oil bath. Temperature of the oil bath was
270° C. The cooling rate was 260° C./minute.
<Step (iii)>

As aresult of keeping the recovered liquid which has been
recovered from the exit of the cooling tube, the recovered
liquid was separated into layers. From the oil layer of the
recovered liquid, a sample for analysis was collected. Based
on gas chromatography analysis, it was found that the ratio of
the monoglyceride at that time was 69% by mass to the esters.

As it can be confirmed from the comparison with the results
listed in Table 2, the results of Example 5 indicate that, by
performing the production method of the present invention,
the decomposition ratio of monoglyceride in a mixture is
lowered and the content of fatty acid monoglyceride is
increased.

The invention claimed is:

1. A method for producing a mixture comprising fatty acid
monoglyceride from glycerin and a compound having at least
one acyl group, selected from the group consisting of fatty
acids and fatty acid glycerides, comprising:

(1) a step of obtaining a mixture comprising fatty acid
monoglyceride by heating and reacting glycerin and a
compound having at least one acyl group, selected from
the group consisting of fatty acids and fatty acid glycer-
ides in the presence of a catalyst,

(i) a cooling step comprising adding glycerin, which is
liquid and has a lower temperature than a temperature of
the mixture, to the mixture to cool the mixture, and

(iii) a step of separating the mixture comprising fatty acid
monoglyceride from glycerin, obtained in the step (ii),
by separating layers.

2. The method for producing a mixture comprising fatty
acid monoglyceride according to claim 1, wherein the addi-
tion amount of glycerin in the step (ii) is 1 part by mass or
more and 1000 parts by mass or less per 100 parts by mass of
the mixture comprising fatty acid monoglyceride obtained in
the previous step.

3. The method for producing a mixture comprising fatty
acid monoglyceride according to claim 1, wherein the rate of
cooling the mixture in the step (ii) is 1° C./minute or higher
and 1000° C./minute or lower.
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4. The method for producing a mixture comprising fatty
acid monoglyceride according to claim 1, wherein the addi-
tion amount of glycerin in the step (ii) is 1x10° parts by mass
ormore and 1x10° parts by mass or less per 100 parts by mass
of the catalyst used in the previous step.

5. The method for producing a mixture comprising fatty
acid monoglyceride according to claim 1, wherein a reaction
temperature in the step (i) is 200° C. or higher and 400° C. or
lower.

6. The method for producing a mixture comprising fatty
acid monoglyceride according to claim 1, wherein the tem-
perature of glycerin to be added in the step (ii) is 0° C. or
higher and 180° C. or lower.

7. The method for producing a mixture containing fatty
acid monoglyceride according to claim 1, wherein the step (ii)
is a step for mixing the mixture comprising fatty acid
monoglyceride and glycerin while continuously transporting
them separately from each other.

8. The method for producing a mixture comprising fatty
acid monoglyceride according to claim 1, wherein the glyc-
erin separated in the step (iii) is used in the step (i) or the step
(ii).

9. The method for producing a mixture comprising fatty
acid monoglyceride according to claim 1, wherein the cata-
lyst used in the step (i) is an alkali metal hydroxide or an
alkaline earth metal hydroxide.

10. The method for producing a mixture comprising fatty
acid monoglyceride according to claim 1, wherein the cata-
lyst concentration of the catalyst used in the step (i) is 1 ppm
or more and 1000 ppm or less.

11. The method for producing a mixture comprising fatty
acid monoglyceride according to claim 1, wherein the sepa-
ration method of the step (iii) by separating layers is station-
ary separation.

12. The method for producing a mixture comprising fatty
acid monoglyceride according to claim 1, wherein a catalyst
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concentration in a liquid phase of the mixture is lowered by
adding glycerin and the catalyst contained in the mixture is
extracted.

13. The method for producing a mixture comprising fatty
acid monoglyceride according to claim 1, wherein a rate of
cooling the mixture in the step (ii) is 5° C./minute or higher
and 1000° C./minute or lower.

14. The method for producing a mixture comprising fatty
acid monoglyceride according to claim 1, wherein a rate of
cooling the mixture in the step (ii) is 8° C./minute or higher
and 1000° C./minute or lower.

15. The method for producing a mixture comprising fatty
acid monoglyceride according to claim 1, wherein a rate of
cooling the mixture in the step (i) is 50° C./minute or higher
and 1000° C./minute or lower.

16. The method for producing a mixture comprising fatty
acid monoglyceride according to claim 1, wherein a rate of
cooling the mixture in the step (ii) is 100° C./minute or higher
and 1000° C./minute or lower.

17. The method for producing a mixture comprising fatty
acid monoglyceride according to claim 1, wherein the mix-
ture is cooled by adding glycerine in the step (ii) until the
temperature of the mixture is 140° C. or lower.

18. The method for producing a mixture comprising fatty
acid monoglyceride according to claim 1, wherein a content
of'glycerin in the step (i) is 1.0 mol or more and 5.0 mol or less
per mol of an acyl group of the compound having an acyl
group.

19. The method for producing a mixture comprising fatty
acid monoglyceride according to claim 1, wherein the tem-
perature of the mixture, obtained from the step (i) and used in
the step (ii), is a reaction temperature of the step (i).

20. The method for producing a mixture comprising fatty
acid monoglyceride according to claim 1, wherein a time for
the reaction between glycerin and the compound having an
acyl group in the step (i) is 5 minutes or longer and 12 hours
or shorter.



